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ABSTRACT

This study has resulted in an improved design of a Photoheliograph
compatible with an ATM class mission. Previous work was reviewed
and critical problem areas were analyzed. The system reyuirements
werc configured into three modules: the telescope, instrumenta-
tion, and support modules. The telescope module performs the
function of imaging a portion of the Sun for measurement by the
complement of data cameras in the instrumentation module. The
electrical and electronic management equipment is contained in the
support module. 7The Photoheliograph is compatible with the ATM
and also with other carriers of major scientific hardware. The
Photoheliograph system can be developed using present technology
and could be available for a 1976 mission.

The final report on the study is presented in four volumes:

Volume I Executive Summary

Volume II - Detailed Technical Report
Volume III - Development Program Plan
Volume IV - Development Program Cost Estimates

iv
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Section 1
INTRODUCT i ON

The space Photoheliograph has been the drcam of solar astroaomers
since the dawn of the space age. From above the Earth's atmo-
sphere the Sun's features can be obscrved in fine detail, limited
only by characteristics of the telescope. Dr. H. Zirin, of
California Institute of Technology, has for many years been
spearheading the development of the space Photoheliograph. As
the capavility to orbit large payloads made a significantly large
space Photoheliograph possible, Dr. Zirin's concepts evolved to
the point that a feasibility study was required. This was per-
formed by Dr. Zirin, his staff, and a task force at the Jet
Propulsion Laboratory (JPL) in 1967. This study, although pre-
maturely terminated in 1968 due to lack of funds, did indicate
that a space Photoheliograph was feasible, and that the major
technological problems could be engineered.

Development of the space Photoheliograph continued in 1969 with
the fabrication of a 65-centimeter telescope based on the con-
clusions of the JPL study. This engineering model is being built
by Ball Brothers Research Corporation for Dr. Zirin and will
undergo tests and evaluation in the near future.

This Detinition Study has resulted in further analysis of critical
design areas and in an improved design concept for the Photo-

heliograph. The trade-off results and the design concept are
presented in Volume II of this Final Report. Volume I is the

Executive Summary of the study.

This volume of the Final Report for the Photoheliograph Defini-
tion Study contains the Development Program Plan covering Phase C

1-1
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(Design) and Phase D (Development/Operations). This overall
Program Pla- contains the planning for the major activities
during Phase C§D: engineering, manufacturing, and test, as
well as support and management functions. In addition an
analysis of the Phase C&§D schedulc is included, covering the
feasibility of meeting the program milestones.

The supporting cost data for this P-ogram Plan are contained in
Volume 1IV.

1-2
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Section 2
SUMMARY DISCUSS:ION

Development of the CIT Photoheliograph for a Skylab/ATM mission
will require a comprekensive program of design and development
operations. Such a program has been planned during this study
to sufficient depth that its feasibility is well established.
The overall plan is based on several major programmatical guide-
lines:

° Second quarter, 1976 launch

° Three complete svstems - Design.Verification
Unit, Proto-Flight and Flight Unit

° Reliability goals for Category II - Mission
success equipment

° Fority-five (45) month program duration.
The program activities divide into two major categories:

(1) Operations

® Engineering
[ Fabrication
o End-Item Integration and Test

(2) Planning and Control

° Reliability and Quality Assurance
) Configuration Management
° Administration.

2-1
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These activities and the three hardware systems have been
combined into a project structure that is the basis for the
program planning. This structure was built into a five-level
Work Breakdown Structure (WBS) incorporating all major instrument
assemblies con:eived during the design phase of this study. From
this WBS, the program activity plans were generated to define the
detailed nvogram milestones. These plans are described in

Section

Using the WBS and program activity plans, logic diagrams were
generated covering all work efforts required for the program.
These logic diagrams were formulated into PERT networks and time
estimates were made for each activity. Analysis of the logic
paths was performed to determine the critical program paths.
This analysis was iterated until the total program was well
balanced in terms of manpower and resourc2s utilization, as well
as funding requirements.

By means of this detailed prog . planning, we have identified

the "longest" work paths in the program. Analysis of these paths
has shown that the design and fabrication effort can be accomplish-
ed within the 45-month program schedule. Therefore, since all
other work effort has considerable contingency time, we con.lude
that the Development Program Plan is very feasible and should
present no major schedule rroblems.

2-2
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Section 3
PROGRAM REQUIREMENTS

3.1 PROGRAM PLAN

The overall Phasc CH{D Program PPlan for thce Photohcliograph is
depicted in Fig. 3-1. “Thc major activities (cngincering, fabrica-
tion, test, and program management and controls) arc divided into
the system design cffort, detail design, and thc DVU, Proto-Flight
and Flight Units to be produced. The relative schedule require-
ments and the major milestones for each of these activities are
also sh~wn in the figure.

Four basic project management steps have been employed in organiz-
ing the program plan for Phase C§D. These are:

° A work breakdown structure (WBS) for Phase C§D
was developed.

° Work packages were developed. These work packages
constitute the lowest level of the WBS, and are
identifiable, measurable units of work required.

° The work logic networks were develoned based on
the integrated arrangement of all work packages
contained in the WBS.

° The schedule was developed based on the integrated
summary of the time required to accomplish each
work package.

The worl breakdown structure (WBS) for Phase C§D, Fig. 3-2, is

primarily criented to a hare: e :ndown, based upon the concep-
tual design of the Photc':¢ » developed under this study.

3-1
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Fig. 3-1 Overall Photoheliograph Program Plan for Phase C§&D

3-2

ST oo N S OSM MBS G tad et e sl e




sttt —————— —— i amE— - P -—_— -

FQLDOUT, FRAME l

-

SYLTEM OF 13X
1X-2x
. L
TELESCOPE H INSTRUMENT AT TON SUPPORT
“Q0ULE MOOULE “ODULE
1lexx 12-1X 13-21
] T L
]
—
GPTICAL STRUCTURES IMAGE CONTROL THE RMAL AGE STRUCTURES RELAY A°TLICS 2 JDATA RGE STRUCTURES POMER GATA AGE
SUBSYSTEM SUBSYSTEW SHBSYSTER CONTROL SUBSYSTFN & MONEIOR CANERAS SUBSYSTEN SUBSYS.im NARDLING
SUBSYSTER SUBSYSTER SUBSYSTEM SUBSYSTER
T1-0X 11-2x 31-31 (i-41 11-50 12-1% 12-20 12-31 12-41 13-11 13-2% 13-3x
! :
P2 IMARY TRUSS AL IGNMERT PRIMARY ECs STRUCTURRL SLAR Ma FILTER €CE FRAME POMER i ENGINEERING ifece
'fncrRoR SOURCE MIRROR 80X SPLITTERS SUPPLIES i HOUSEKEEPING !
. 1 H [{coLD PLATE 1 { t H b mONITORS |
. W i |

11-11 11.21 11-31 11-41 ’l 11-61 12-11 12-2) 12-311 | 12-41 13-11 13-21 l 13- s
PRIMARY ATTACHRERT ALIGHRERT e RmAL {ese A5 TACHMENT - FIELD LNIYERSAL 5S¢ ATTACKMENT BISTRIBUTION ; SCIENTTFIC ﬂsst
RIRRGR MOUNTS SENSOR | SHROUD MOUNTS sTOPS FILTE® NQUNTS BOX fjoria
CELL i i p {Jmoxtrons |

g =4 - r r- - b «
11-12 11-22 11-32 11-42 11.52 12-12 12-22 12-32 12-42 1.12] ! ¥3-22 l 13-3¢ I
A < ! {
PRIRARY SECORDARY TRANSLATION, | [JHEAT STOP SE noRITOR 1 i {ancansano [1se {fsussrsten TELESCOE l I[swsvsTen Hrse
RIFRER SPIDER 8 TILT & FoOcus NIRROR FILTER FILTER ENGINECRING OISTRIBUTION ¥ JENGINEERING
TRUSS 1RHLD ACTUATORS unEEL L CABLES !
¥ o . . H H «

Viai3) oy 11-23 11-33 11.43 11-83 12-23 12-33 12-43 13-13 13-23 13-33 !
SECONDARY SUBSYSTER l!'“! ROTLIOR HEAT SUBSYSTER POLARIZER Ha CAMERA SUBSYSTEN INSTRUMENT SUBSrSTE
#IRROR ENGINEERLKG 8 FOCUS REJECTION ENGINEERING MHEEL ERGINEERING OISTRISUTION ERGINFCRI®

SENSOR RIAROR CABLES
§ 1 (AnxuLYS) H 1 r

11.14 11-24 11.34 11-44 [ 11-54 12-2¢ 12-34 12-40f 224
187 7 IMAGL MOTION NEAT ViDEQ URTVERSAL INTERFACE
STAGONAL PROCESSO® REJECTION CANERA CARERA LABLT &

L] wicac | RIRROR | 1 L{conngcors
{BEMR)
i -~
111§ 11-35 11-45 12-2% 12-15 1325
: < P —
Me IRAGE mOTion SUBSYSTEN SUBSYSTEN SURSYSTEN
BIARSNAL SERYO ENGINEER. NG ERGIBEER NG ERGINEERING
RI86OR i 1 E
« e ]
- I
11-16 11-36 11-46 12-28 13-26
- “..":.
APERTURE SECONS i . H
SAFFLE DIAGORML ‘, ’ S
i NIRROR ROUNT :

11 1137
SUBSYSTEN FoCusS
ERGINEERING PROCESSOR

tle18 1)-38

SUBSYSTEN
ENGINELRING
11-39
" - - -
€ ey .,
, . - - o

Kl



ERLDOUT, CRAvE -

I, - T,______ - — e -
A
TetAL LEVlaN
Y
T
- —_—— = r TOTTTTTTT T T T T ST o T T s e e e —’*f - - R
|
| l ]
TELFS.ITE INSTRUMENTAT,ON SUPPORY
noNILE w30uLE “QDuULE
3o 214 22-X)
j 1
I I |
—— - e — - - —_— —
. l } ; 1 I !
L j L L I
BT LATA IS YT peany INTESRATING SECCADARY A5t 13TEGRITING AUVILLARY FA::E?A; [ INTEGRATING sq3E w
SUBSYSTEM HANDLIND l . RROR STRUCTLRE P0 §ThLCTL ot oBTICS STRUCTULRE DIStatay, 1o%
SUELYSTEM h
)= 11 13-21 1332 13-4 21-%1 e 211 27 ax 2z-18 22-2¢ 22-31 22-43 ZJ-IL' 25-21
T o J 1 .
] r—
20a i EBIRTHE [N ! “IREGA ] RUSS TECONSATY i ren STRUCTURSL H 7YY | Hi CANERA Jece ERANE PIMER
ipsureLles Hau<EarrONG AMIRROR BOX HSPLITTERS i ' SurvLlEs
! Jrevitos- t ' | !
§ I 1 I 1 1 3y ) 1 1“ i i
i
2.1 13.2! 13-3i 13-41 2t 21 21-11 : R E 22-11 HELR 22-31 22-41 23-11 23-21
1 N ; '
N DILTRIELTION ' SCIEMTICLL ‘ &L cELL - ATTACHNENT FIRST GSE CATTACHMENT | CIELL JunivercaL V| GSE ATTACHRENT QISTRIBUTION
BCX IR i ifwoexTs CIAGONAL | froints s-oes JJeangra MOUNTS 80X
4 MINITORS \ : IRROR { | |_ |
It ,‘ e ‘L . . ?. s hd M
' # ; ‘ ! ; X ! !
3.0t 13-224 13-324 ! 13-021 ¢ 21-32f ! 21-22 21-32 21-12 22-120 ¢ 22-22} ¢ 22-32 22-42 23-12 23-22
— ; . i | ! ! |
1 ‘ : i i i } :
. . . ! . !

v ! TELESCOPE SHBSYSTER ' TSt rfTRUSS HEAT NEAT STOF \ TSE f GI>TRIBUTION Ha FILTER BYCADBAND TSE ASSEMELY TELESChAPE
NG orsTriBuTiON | I]exsinterling | ! I :u:g;xon [mirRoR & {Jcanee CAMERA ENGINEERING OISTRIBUTION
JoA8LEs . A | f' T hm 1 H i ) L | CABLE

- 1 .
:-13 13-23 15-35] 13-33] 21-131 21-23] ! 21-32 . -431 22-13 22-23 ¢2-33 22-43 23-13 23-71
=2 | t : i } | i
i { ! .
! i i | .
INSTPUMENT i[suasrsten HEAT Snermac [spioen (feamean tFuNIVERSAL V10E0 INSTRUNENT
HHENGINEER NG AREJECTION SHROUD L RIAG Rrarcw IIFILTER CAMERA CISTRIBUTION
L ‘ wIRROR t i CABLE
Y i H q f ' I
i !
!
13-24 ' 13.81] - 21-14] 21-24 21-38 ! 22-18 22-24 22-34 23-24
4 .
: ‘ ! : '
TIMTERFACE COLD PLATE {arertune IfALIGNRERT i ASSEMBLY ! BROADBAND IRAGE %OTIOM INTERFACE
foeeE s | fsrFr e ¥ source (JERGIREERING ! FILTEP & Focus CABLE &
gL /NNECTaNS d : ] N }j WHEEL LhsEnsor | conmecToRs
| s I i |
: 13.25 J 2t-l_s_j ' 21-28 21-35 22-18) | 22-25 22-35 23-25
! { |
i
usSYSTEN [ ALIGNMENT [ DISTRIBUTION TRANSLATION, POLAR: ZE? ASSERBLY ASSERGLY
Ltncutsnu SENSOR casLe TILT & FoCus] - WHEEL ENG.NEERING ENGINEERING
p L Fncruno!s U U 1
i3-26 { 21-16 21-26 21-36 22-26 22-36 2226
[ SENSOP ASSEMBLY ASSEMSLY nORNITOHR
L ELECTRORICS ERGILEERING ERGINEERING FILTER
"
! |
:, 2l-1y 2 .5 21-37 22-27
|
TR Hsecown
fraces [foiasonac
L JMiRROR & MTS
i
I 2i-18 22-28
i
|[assrmat. ASSENBLY
i ENGINEERLNT ENGINELRING
e .
2'-19 22-29




- {__,,_\__A,, e b e —
| ;
SUPFIRT TE.:SCCPE INSTRUMINTATION SLEFLT
vt “oDLLe wOoLLE wQtLL
211 EHST 32-xx 33-n1
|
1
i L
T [ H [ T T o ’"’T__'—"T
l | { J l i ! 4 ;
wiR & TATA AGE PRIMARY INTEGRATING SECONCARY AGE INTEGRATING ALY LIARY CAMERRS AGE INTEGRATING NI DATA
TEELTION FANIL ING MIRROR STRUCTJRE Fo0 STRUC TURE OPTICS STRLIT_RE SISTRIBLYION HANDLING
23-21 23-31 23-41 3-1x 31-20 313 I1-4s 12-11 3z- 12-3x 32-3x 33.1¢ 31-21
1 11 ' )
ENGINEERING £CT MIRROR TRUSS {fseconnany ECE STRUCTURAL {seam =3 CAMERA fece ‘fraawe 1 PONER JEnGINEER.
3. HOUSEKEEPING (MiRRCP 80 l SPLITTERS ! N EFLLINE 33 WOLSEKEET
#ONITORS : | ! ! x ‘ ‘ ‘Iwcxitoss
H . 4 x H | 4 . - o 4 u
i : r i ! ' '
! . !
23-2) 23-31 23-41 3t-11 si-21) | 31.314 1 3141 32-1 3z2-211 4 32-31 32-21 ] 33.11 33-21
1 ] i
1 1 i
! i
.. mRisutiow SCLENTIFIC GSE | CELL ATTACHNENT FIRST [ 6SE ATTACHRERY HJFIELD JURIERSAL 3SE ATTACHWEYT CISTRIBUTIONY 'poClEw f
e o DATA MQUNTS DIAGONAL ! NGUNTS ifsops CANERA . ilwgunTs BCH ] oava
i :
. Jrontrons 1 1 1 1] mirron H | | J N i R 4 moniTo-
I i
. 23-22 23-32 23-42 1-12 3-22 31-32 31-:2] ! 22-17 3-02 123z 32-1¢ 33-12 -2
! f 4 '
TLLESCOPE PRIGRAMMER TSE TRUSS [ [oeat HEAT STQF TSE DISTRIRUTION Ha FILTER ifcaurpaco TSE frecescope (fPROCPAPYE
"C.ITRIBUTION REJECTLub "TRROP CABLE CAMERA ' I DISTRIBUTION |
L2BLE nIaROR P00 1 { ifeame i
, o ] 1 2 e M r - >
]
23-23 23-3 23-43 31-13 31-23 31-33 3r-43 32-13 12-23 32-1 32-83 ; 33-23 27
L NSTRUMEXT CONTROL HEAT ] THERNAL SPIDER CARERA UNTVERSAL VIDEQ [Enstroment {fcosTROL
SISTRIBUTION DISTRIBUTION REJFCTIO. SHROUD 4 RING LATCH FILTIR CFcAmER, tjorsTrisution ] dorsTris. -
SamLe sox |Jrreon 1 { Jchbee [{eox
H H 1 H H H
|
23-28 23-34 31-14 31-24 31-34 32-14 32-24 32-.1 ' 32.24
3
INTERFACE OI$PLAY COLD PLATE APERTURE ALIGNNENT BROADBAND IMAGE MOTION Hfixterrace DISPLAY
CABLE 8 CONDITIONING BAFFLE SOURCE FILTER $ FOCUS foasie 8 CONDI irn
CINNECTORS Huu;r 1 t wHEEL sensor [Jcounectors L UNIT
I I '
23-25 23-35 31-15 31 28 31-38 32 &8 32-3s 2335 ]
ASSEMBLY IRAGE QT 1ON A_IGNMENT DISTRIBLTION TRANSLATION, POLARIZER TS
LNGIREERING PROCESSOR SENSOR hcnu TILT & £0CUS WHECL PROCESSA:
ACTUATORS l &
23-26 ) 23-36 31-16 31-26 31-36 32-26 33
INAGE ROTICH SERSOR MON TOR INAGE mOT
SERYD ELECTRONICS FILTER SERYA
J !
. 23-37 31-17 32-27 33
—_—
FoeUS LAURLH SECOND FOCUS
ROJCESSOR LocKs DIAGONAL PROESSO~
1 [|MIRROR & WTS, U
N 23-38 3l-18 32-28 s
TS
L
AsJEMBLY

ENGINEERING

$3-39




FOLDOUT FRAME ¢

- - . _ —— e O e ——————— e -
T ; - ‘ — — ‘
|
, f N . :
ko4 27 i, TN aERTILN 2UIGWMENT 8 TELTING FRIMALY SUxl AR LI 5,
Ctera - CALLERATLLN WIRECR anTiey
.t Ly - 3% hE T -y 31-T LA | 41-31 $1-41 12-N 42 I 0.
!
N Tt i LR TR oss srianiaey ' STELIT aay l 8ea -
M ‘ MIRFETe : BT : ITTEIRS
g 4 . H N H E
1 i \ ;
33-3 3.2 ‘ 4171 21| ! $1-31) 11-4% -0 §.-00
N ] v Ao AT ACRYENT i Bh LT TRIMNINT FIEQ L .
o tatz . MOLNTSC | ¥ NS STLRS
LA T '
M ; 4 e L TR -4 - - 4 -
- - [ "3 3.4 21-12 4)-22 ar.32b 2142 12.12 TN ER
TIipse Al T 1 TRLY. mEaT HEAT 5TOP e SISTERIBLTION P FILTER
DISTRiz " .3% PESECTION {viReOR & CATLE
CAPLE MIRRCR POL g
— ‘1 4 e -4 b-‘ . - 4 -4
s | A ‘ ] i |
33 23 13-33 33-43 .13 41-23 , 41.33 41-434 27-13 i 4.0 .
INSTRwEN" RESIEN HEAT CfTHERMAL SPIDER CAMERA rUNIVERSAL
DISTR™. =1 % .STRIRLTIgN QEELTIN SHROLD 18 RING LATCA Irriver
Jeaeee Jin NERE - v 4 . .
| | |
P Jata ar-1a sto2a| TIT! 32-14] ! 8201 12.33
' 1 :
- - t |
INTTRFA £ TP AY FOLD PLATE T APERTIRE TEALTSNMENT | BROADBANT 10007
cagit b CO%0ITIgN. .. BAFFLE ] sourcs IfrrLTee Lt
B OEL LI v A H . R IR
J 33-15 i aas)] e1.25 1 41-35 | P 12.5%
| ‘ | ‘ Ll
i ! r—————
TMASE Wt 0y, AL oNMENT "JoISTRIEUTION | TRANSLATION, POLARIZER ]
SOLL30R Jsensor | foABLE TILT & FOCUS W EEL
H i 4 L acTuators i
, ?
! 33-36 ! 11-1€ 41.2p 1-36 . &, -
o
—
TNAGE MOTION | SENSOR Mreonicon
SIAVO ELECTRONILCS [§FILrER
; 13-37 Q-7 [ oz,
FOCUS _l LAUNCH SLCOND
H [ %2CESSOR Locks DIAGONAL
d y MIRROR & =3
15-1- 4-18 4, .-
— ‘o




‘E‘)\.t)()‘jrrl ‘:F(’\QJ\E' é;

, -
_—:ﬂ Y Ll .\-
MLDE
~ .z $.-1a ad-nt
oy i —
X |
S e { : - - \
i ' ( 1 1 f ' f
. + ‘.
i i L L . | l 1 A 1 |
AWFRAS LI43 JATISRAT NG PNwfr 4 CATA AGE INTLARATION ALILWMEINT & TESTING LpIMARY i .ECONDARY AGE INTERRAT N
LYRUCTLRY CISTRIBATION HANCL NG CALIBRATION MIRK R 0z STRUlTLR:
'
32-3¢ 32.4% 23-1¢ 3.2 l 43-1 13-41 a8-1x 18-21 u-:uJ §1-1¢ a2t l £1.3¢ 51-3¢ -
Il I T ! ! j [N
i H i '
. CAMERA £CE TRANE B fevcinecring ECc W rron EP I T Mece ITsTrecte-
SUPPLIE: “OUSEVEEPING Huioco taax
MUNITIRS i
- - v - B ™ - v M s
i | “
32-31 42-4) 3410 43-71 433 43-43 ' 51411 L2 s o) st-a1] .
| ' |
i
“IVERSAL 55¢€ ATTACHMENT SISTRIBUTICN CULENTIFIC [ 35E i I ‘F“uuva'ﬂ FIesT i]sse i AN
LMERA wIUNTL 501 G;Ti ons i Jecouts 0IAGONAL ' eounTs
| MON]TORS . 1 ‘| MIRROR
] ] ] ‘ 1 1 1 i 1
! .
52.32 42.22 43-7 . 43.02 13.32 63-42 sta12} ] sre221 s1oaz) | 5,_::1
| ' i i
! i I | !
[~a0acss 0 e TELESIQPF PRGC © R H]ise TRYLS ‘ HEAT Tneat stop Fret Jorsiere
] “AvLRA ! g:éz;:s-vxou L ] REJECTION || “irroOR & i [Foasie
4 4 4° “IRROR Ieo0 :
1 4 i i 1 1
. ‘ ! | |
42-33 ar-43 ) 43-23] 43-33 43-43 i s1.12} 51-25} ) 51-33 51-43
b l
— i i | i
VIDEC INSTRUMENT CONTROL 1 HEAT i{TneRMAL ‘Fsproee CAMER -
CAMERA UISTRIBUTION DISTRIBUTION JREJECTION "JeMRrOLD ‘ 8 RING I LATE-
] % CABL ffsox || 1rROK | L
. ! !
42-34 i a3-2ef 4332 i 51.14 51.24 [ 51.34
| ! |
IMAGE MOTION INTERFACE DISPLAY COLD PLAT APERTURE ALTGNMENT
% FoCUS CABLE & ! CONDITIONING | LA B Iada SOURCE
JSENSOR CONNECTORS hUNIT }1 }_ ||
i .
32-35 43-25 i 43-35 | 51-15 51-2§J 51-35
tYimace moT1oN ALIGRMENT DISTRIBUTION TRANSLATION,
{ferocEssOR SENSOR CABLE TIL® & FOCUS
L 1] Lk acTuATORS
H
1
' 43-36 ; 51.16 51-.6 51.36
1
' |
[Trmage uoTion SENSOR
SERVO ELECTRUNTCo
i
! 43-37 H $1-17
P,
(135 LAUNCH
PROCESSOR L LOCKS
43-18 B 51-18




FOLDOUT, FRAME '

T o I T |

T RELTABILITY
TAERI.ATIN § QUALITY
ASSURANLE

bar-xx -».xl
| 1 - R F—J'T

I e MONTAT Y SUPEGEY BURMAL IR ¥ 34 RELIABILITY QUALLTY
wetoy mooULE ASSURANCE
CRERy EREEA] LY BE3S 61-xx b2~
L —— - - R chadi NS
] r 1 |
- i L b N
IRTEGRATING AUXILISRY CAMERAS AGE INTEGRATING PORER & DATA AGE INTEGRATION ?Llcmnm ) TESTING
LTRYLTLRE OPTICS STRUCTURE SISTRIBUTIGN HANDR [NG CALIBRATION
A S2-14 tI-2x $2-37 524X 53-1% 53421 53-3x £3-4% S4-1) [ 54-2% 54-31
v
| I o e 2 e e e e 2 e o o e o e e e e e o e
- rrucTuRaL ifaiAn Hay camera 33 FRAME PONER ERGINEERING ECE
1 e0x {ESPLITTERS ! SUPRLIES HOUSEXEEPING
: MONITORS
~ - 2
i f P I
. {
4] 52014 sz-21 1y 52-31 52-4) 53-11 53-21 53-31 5341
. . —_ !
JFATTACHNERT rietn Hontviasas St ATTACHRERT ? DISTRIBUTION | 1 SCIENTIFIC 65t
| MOUNTS 3 R4 1§ CAuERA #OUNTS fser L :SZ?vons
M 1
3 f r § N : ! 1
;
X 1
-1 I 52-17 % 52-22 ¢ 52-37 52.42 53412 53-22 ' $3-32 §3.42
t
— ; m— 1 { -
213TRiBoTION | [ Hws FaLvER 8ROADBAND TSE TELESLOPE i PROGRAMMER T8E
{ CABLL i ! CANERA DILTRIBYTION
o r H 1] H CABLE H '
!
|
IRLES B 52-13 t 5223 52-33 §2-43 53~23 53-33 53-43
|
{JrameRs UHIYERSAL ¥1DE0 INSTRUNENT CONTROL
LATCH FILTER CAMERA DISTRISUTION DISTRIBUTION
H 14 |Jcaaee 1§ Bax
52-14 52-24 52-34 £y 24 53-3%
SRUALBAND IMAGE WOTION INTEREACE SUSPLAY
FILTER 4 FOLYS tABLE B CONDTTIONING
1150 { sewson [comecrors  F duniy
52-25 52-35 53-25‘ 5335
80, ARIZER IMAGE MOTION
WHEEL PRUCESSIR
4 =
5226 5334
MONITOR IMAGE MOTION
FILTER SERVG
52-27 $3-37
SECOND FIGUS
BIAGINAL { PROCESSOR
L{RIRROR & NS, {
52-28 53-38

v



©71-02

FOLDOUT FRAM® 1] LEVEL |

UOCUMENTATION PROGHAM

MANAGEMENT

LEVEL 2

IX-xx Bx.xx
r
] jﬁTw o —— l J e e -
LPECTFICATIINS PLANS PROCEDURES REPORTS PROGRAM OPERATIONS PLANNIKG &
QFFICE CONTROL
LEVEL 3
T1-xx P T T3ty ZIST 8124 82- XX 43-1x

| | N -
L | :r J |

ENGINEERING PRODUCTION TEST RLQA CONFIGURATION ADMINISTRATION
PANAGEMENT MANAGEMENT MANAGEMENRT MANAGEMENT MANAGEMENT
LEVEL 4
B2-1X 82-2x 82-3x 8a-1x 83-21x g83-3%
————————————— - e o D A i S . St s = A S S St e e - S S o e e A S S TP T Y e Ay P g, VA A s e S Sy A S, T G S (A WD A T e S . Sy s g e e s At S e e s = S e D W S S s Sy
LEVEL 5

I APRIL 1971

Fig. 3-2 Photoheliograph Phase C and D Program
Work Breakdown Structure

3-3



F71-02 Vvol. III

The objectives of thc Phasc C{D Program were the major considera-
tion in evolving the WBS. Level 2 of the WBS identifies the major
design objectives, end-items to bc produced, and thc management
and control activities requircd. Each of the major objecctives at
Level 2 is broken down into its morc dctailed components, as
appropriate. This approach to thec WBS assurcs that the major
objectives arc fully supported by the lower level objectives.

This further assures that the WBS is fully integrated and that
each part of the project is consistent with and related to the

project as a whole.

The four basic steps taken to crganize the Phase C§D Program serve
as the basis for total, integrated planning. The logic networks
(PERT) have been structured to provide a correlation (including
numerical coding) of the tasks in the WBS to the specific work
activities. Figure 3-3 illustrates the correlation of the WBS
tasks to the PERT activities. This uniform data base will make

SYSTEM
DESIGN

1X-xX

,_L H
TYPICAL WBS WORK
PRIMARY / PA T
PRINAR CKAGE (TASK)
1-11 \ 11 CORRELATION

A

(_ A

PRIMARY. MIRROR
SYSTEM DESIGN

PRIMARY MIRROR
SYSTEM DESIGN

PRIMARY MIRROR

PRELIMINARY
SPECIFICATIONS

1111-006 1111-008 1114(-010

\———CORRESPONNNG PERT ACTIVITY /

Fig. 3-3 Correlation of WBS Tasks to PERT
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it possible to obtain consistent, timely and accurate program
status throughout Phase C§D. Accomplishment of this integrated
planning allowed the use of computer-based management techniques
to determine the Phase C§D schedule and cost data.

Development of the specific plans for the major Phase C&D Program
activities is hased on the above planning. The plans for these
major activities generally correlatc to the major elements of
work at Level 2 of the WBS and, therefore, serve essentially as
major task descriptions. Plans are included for Engineering,
Manufacturing, Test, Reliability § Quality Assurance, Configura-
tion Management and Administration (Pars. 3.3 through 3.8,
respectively, below). These plans depict the significant work
elements of each of the major activities, as related to the over-
all schedule. A brief discussion of facilities requirements 1is

included in Par., 3.9, and program management for Phase C&D 1is
defined in Par. 3.10.

A discussion of possible Supporting Research and Technology (SRT)
is conteined in Par, 3.2. The areas discussed represent the more
significant technological advancements involved in the Photohelio-
graph design, and are therefore identified as possible SRT items.

3.2 SUPPORTING RESEARCH AND TECHNOLOGY (SRT) AND DIFFICULT
TECHNOLOGY

There are several difficult technology areas represented in the
Photoheliograpk. None of these is clearly beyond the state-of-
the-art, but development problems could represent a risk both in
schedule and cost. For an optimum approach in the planning of
the Phase C§D Photoheliograph prcgram, additional early develop-
ment work should be performed in the following areas:
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The H-alpha filter and thc universal filter have
not yet been packaged for ~pace flight. Siice
the H-alpha filter can bc vicwed as a simplified
version of the universal (ilter, concentration
should be on the universal filter. We vccommend

n early program to definc proper approaches for
packaging and control of flight-quaiity universal
filters.

The mirror coatings have not yet beer used in an
application such as that of the Photcheliograph,
where a twelve-month lifetime, thermal cycling,
and l.igh ultraviolet reflectance will be required

of the primary mirror. While we feel that adequate
coatings can be made, sclid knowledge of the optical
and thermal performance of the primary mirror coat-

T YRS RSO R DR ARIIE NE SEV S MR ], A AP IP L TR AR T,

ing is mandatory, and testing under simulated
orbital conditicns will be lengthy. We advise an
early effort to define the details of the coating
and the process for its application, fnllowel by
testing it under simulaivcd orbital conditions.

Image motion control systems have been built which
are similar to that advocated here, but none have
required the precision which we need for this
application. An early brass-board program for

the image motion trackcr would help uncover engi-
neering difficulties which could delay a flight
program.

To a lesser extent, ccnfidence in the focus detec-
tion system scheme would also benefit from an
early brass-board model. The focus detection
brass-board could share some key components with
the image motion control brass-bowrd.

3-6
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® The use of television cameras for the Photohelio-
graph's prime data would eliminate the nced for
EVA's by the astronauts, permit the principal
investigator to interact much more closely with
the instrument, and better lend itself to remote
operation of thc entire instrument. The lack of
a television camcra having sufficiently high resolu-
tion is the major impediment to this approach.
An early devclorment program for such a camera
would greatly increase the prospective versatility
of the Photoheliograph, and the camera would un-
doubtedly be usable on other optical systems in

AT A T

space.
3.3 ENGINEERING PLAN

This plan defines the engineering effort shown in the program
plan, Fig. 3-1. The engineering plan covers systems design,
detail design, design verification, end-item qualification,
reliability ¢nd sustaining engineering. These program elements

are zhown in Fig. 3-4.
3.3.1 Systems Design

The systems design effort starts with Phase C go-ahead and con-
tinues throughout the program until delivery of the Flight Unit.
This includes the preparation and updating of system and sub-
system specifications, surveillance of detail design, production
processes and end-item test planning, approvai of released draw-
ings, participation in design reviews, end-item testing evaluation
corrective actions by the Material Review Board (MRB) and other
sustaining engineering activities. Systems design ensures that
the scicntific objectives are met by the iustrument system and
that the design will interface smoothly with the ATM.

£
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QUALIFICATION OF
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Fig. 3-4 Engineering Plan

The initial guideline for performing the system design effort

is the End-Item Specification (EIS), which is the product of

a complete Phase B preliminary design. From the EIS, the sub-
system specifications are generated. Throughout the detail
design effort, design reviews will maintain a system orienta-
tion to the effort. The major reviews are the preliminary design
review (PDR) and the critical design review (CDR). The POR is
held about mid-way through the design phase, when the design
verification work is completed. The CDR is held at the comple-
tion of the qualification efforts on the Proto-Flight Unit.
System design efforts provide the structure throughout the program
that ensures a balanced design and compliance with the scientific
specifications.,
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3.3.2 Detail Design

The detail desiygin effort starts with the releasc of subsystem
<pecifications and continues throughout the program until delivery
of the Flight Unit. This includes detailing of all parts and
preparation of all drawings and procurement spccitications, both
for development items and flight-hardware relecases. Included

in this effort is the performance of breadboard ard design veri-
fication tests. The major milestones shown in Fig. 3-4 arc the
control points for performing the detail design. These arc:

(1) development release; (2) PDR; (3) final release; and (4) CDR.
The Design Verification Unit (DVU) is manufactured *to the develop-
ment release drawings, and the results of the DVU test program
are the main input to the PDR. Similarly, the Proto-Flight Unit
is manufactured tc the final release drawings, and the results

of the qualification test program are the main inputs to the CDR.

As the design evolution proceeds, the change control also changes
from a general control at the development release milestone to a
specific, tight control after the CDR milestone. In such a design
evolution, the cngineering changes will originate from the customer,
the designer, or as a result ¢f Material Review Board action cor-
recting a discrepancy or a failure. Such engineering changes

must be efficiently accomplished throughout the program, and the
mechanisms for configuration management are discussed in that
control plan, Par. 3.7.

3.3.3 Design Verification
One of the key steps tcwards achieving the high reliability

required of the Flight Unit i, to perform a series of design
verification tests on engineering har ware early in the program.

3-9
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This is a major engineering effort and is included in this plan
in the form of the fabrication and test of a DVU, as shown in
Fig. 3-4. The DVU will be fabricated to the development release
drawings, which is the first step in verifying the design by
proving that it can be fabricated.

A variety of in-process tests will be conducted on thc DVU hard-
ware at the assembly levels to investigate specific design
questions. Mor= extensive design feedback will come from thc
complete system tests, which will include environmental and
functional checkcut similar to that planned for erd-item qualifica-
tien. Two DVU balloon missions are planned as end-to-end verifica-
tion that the design will yield the desired scientific data under
orbital conditions. All changes resulting from the design
verification activities will be used as inputs for upgrading the
design before release of the final drawings.

3.3.4 End-Item Qualification

The final major engineering function performed on t..is program is
the complete qualification of the end-item design. This qualifica-
tion is performed on the Proto-Flight end-item. The Proto-Fiight
Unit is fabricated to the final release drawings; thus, the
qualification is of the flight design. The qualification criteria

are established in the End-Item Specification, and consist primarily

of a series of environmental and functional system level tests.
Since the Proto-Flight is a deliverable flight-quality end-item,
these tests are controlled as required to maintain the reliability
goals. The results of the qualification tests are the final major
upgrading of the design and lead to the CDR.

3.3.5 Reiiability Engineering

Reliability engineering is a major input to the design effort on
this program. The selection of piece-parts that meet the high

3-10
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reliability standards 1s essential if the syvstem's reliability
goals are to be met. Reliabilitv spccialists provide a systems
overview at all design reviews and by signaturce authority on

final release drawings. A Failurc Modes, bEffects and Criticality
Analysis, Part I, will be performecd to cnsurc that the system
reliability goal can be met with the rclcased design. Reliability
engineering is performed throughout the program duration, starting
with the systems design and extending through end-item test

surveillance, where failure analysis is performed and corrective
action defined.

3.3.6 Sustaining Engineering

Following the CDR, a sustaining engineering effort is required

to provide support for final alignment, calibration, and acceptance
testing of the end-item. Any required design changes approved

by the Change Control Board that arise after the CDR, must be
incorporated in the design baseline. This activity also provides
technical continuity into the field support phase, if required.

3.4 MANUFACTURING PLAN

This plan defines the manufacturing ¢ffort shown in the program
plan, Fig. 3-1. The manufacturing plen covers the procurement
for the fabrication cf the DVU, Proto-Flight and .ight Unit
end-items. Assembly and in-process testing are included up to
the black-box level. System and/or end-item assembly and tests
are included in the Test Plan, Par. 3.5. The major ..anufactur-
ing efforts are shown in Fig. 3-5.

3.4.1 Production Engineering

The production engineering effort is required to ensure producible

designs and to provide the production supervision throughout the fabri-

cation phase. This effort starts during the system design effort

3-11
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PROTOTYPE FABRICATION
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FLIGHT FABRICATION {
PROCUREMENT FABRICATION

Fig. 3-5 Manufacturing Plan

described in Par. 3.3, and will continue until the Flight Unit
end-item is delivered. Production engineering personnel partic-
ipate in the system design evolution, as well as in the detail
design efforts, to advise the designers as to feasible production
techniques. Upon receiving released drawings, the fabrication
The flow of the

rocurement, fabrication and assembly work is managed by produc-
p y g p

effort for each end-item is planned in detail,
tion engineering personnel, to ensure that the assemblies that
make up the system are manufactured to the design drawings and
meet required quality standards.

3.4.2

Procurement

The procurement activities on this program require extensive
surveillance to ensure that the hardware used in the end-iten

3-12
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4

buildup is that called out in the design and by the quality
standards. The procurements will vary from standard piece-parts
to highly sophisticated subcontract items such as the primary
mirror and spectral filters. 'The make-or-buy plan that 1is
effective on this program will be used as an carly guideline

for procurement planning, and flcedback from vendors will be
required before the designs can be completed. The major sub-
contracts required for the program will bc negotiated and con-
trolled in accordance with standard acrospace practices. Vendor
surveillance and receiving inspection of procured parts will be
performed in accordance with the quality assurance plan in

Par. 3-6. Similarly, the traceability of all parts will be
maintained by storage in a bonded area until used in an assembly,

in accordance with the quality assurance plan.

In most cases, procurcment for the DVU will precede that for the
Proto-Flight and Flight Units. Since the DVU hardware does not
require end-item reliability, some compromises may be possible
in the procured parts. However, in order to achieve the maximum
feedback for design verification, every attempt must be made to
obtain and use the designated high-reliability parts. Procure-
ment for the Proto-Flight and Flight Units must adhere to the

design requirements, and will include sufficient production spares

to ensure completion of the end-items.
3.4.3 Fabrication and Assembly

Fabrication and assembly of the parts and assemblies of each end-
item is the major fuinction covered by the manufacturing plan. It
starts with receipt of the piece-parts of materials and extends
through the successful completion cf each assembly or subsystem.
These activities involve specialized fabrication processes
associated with mechanical, electrical and opcical shops. In
addition, specialized facilities are required to support these

activities.
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The mechanical fabrication processes and facilities requirements

are:

Turning lathes
Milling machines
Rotary tables
Boring mills
Electron beam welding
Riveting
Grinding
Precision boring
Metal finishing
Lubrication
Welding

Cleaning

The electrical fabrication processes and facilities requirements

arec.

The optical

Soldering

Welding

Solid-state

Video

Potting

Transformer winding
Wiring

Printed wiring boards
Motors

fabrication processes and facilities requirements are:
Cer-Vit figuring (26-inch parabola)
Silver mirror coating

Diffraction-1limit measurement
Filters

3-14
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All assembly work will be performed in controlled-access clean
rooms, varying from good housekeeping for mechanical parts to
Class 10,000 for electronic and optical parts.

Material traceability and opevation certifications are not required
on the DVU build, but are required on the Proto-Flight and Flight
Units to meet the program quality standards. Similarly, in-process
inspection is planned to ensure high-reliability parts and compli-
ance with the design, and the quality plan provisions.

All functional parts will be tested before installation in the full
system, to eliminate infant mortality or workmanship problems.

The test data from these tests will serve as design feedback and
become part of the overall system history.

3.5 TEST PLAN

This plan defines the test effort shown in the program plan,

Fig. 3-1, or as mart of the engineering or fabrication plans.

The major emphasis of this plan is on the end-item integration
and testing, but all program testing is mentioned to maintain

a consistent approach to testing and to ensure a complete hard-
ware history of the program and its end-items. The major testing
efforts defined in the program are:

Breadboard/brassboard design tests
Materials and processes design tests
Reliability parts evaluation tests
Reliability failure analysis tests
Manufacturing in-process tests

Optical component acceptance tests

DVU system functional/environmental tests
DVU system balloon flight tests
Qualification tests

3-15
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° End-item functional tests
Frnd-item alignment/calibration tests

° End-item acceptance tests

This definition covers only the system integration and testing
on the DVU, Proto-Flight and Flight Unit end-items. These

activities are shown in Fig. 3-6.

l Il |917I 1 L i Igzz 1 l 1 lgﬁ A l L l9174 S l 1 |9I75 — ]
PROCEDURE PROCEDURE
PREPARATION VERIFICATION

COMPLETE  ist 2nd
GROUND BALLOON  BALLOON
TESTS  FLIGHT  FLIGHT

A A

DVU
INTEGRATION & TESTING

START

START QUAL,
INTEGRATION TESTS ODELIVERY
v
PROTOTYPE

INTEGRATION 8 TFSTING

START

ACCEPT.

INTEGRATION TESTS DELIVERY

v
FLIGHT
INTEGRATION 8 TESTING

Fig. 3-6 Test Plan

3.5.1 System Integration

The black-boxes and assemblies completed «uring the fabrication
phase of the program are integrated in this phase to complete

the total Photohelicgraph system. This process must be carefully
planned and executed in the correct sequence. Some in-process
tests or measurements must be included in the integration efforts.
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Checkout of all functional subsystems must be carefully controllcd
by established procedures to ensure proper handling bheforc powcr
is applied and during powered operation. The in-process inspec-
tion criteria established during the fabrication phase are carried

over and applied during system integration,
3.5.2 Calibration and Alignment

Some of the Photohcliograph system's final checkout will include
calibration and alignment of optical elements, filters and data
cameras. Roth individual element calibrations and complcte system
end-to-end alignments will be regquired. The facilities required
for these operations will range from labcratory calibration
facilities, to existing ground-based solar observatories or large
thermal vacuum facilities with a coelostat to bring the Sun's
beam into the chamber or with artificial suns. As with the
integration effort, these tasks on the Proto-Flight and Flight
Units will be perf-~rmed according to approved procedures and
under quality surveillance.

3.5.3 System Functional Tests

System functional tests will be perfo-med on all units: to provide
performance data for design feedback, in the case of the DVU; in
the case of the Proto-Flight Unit, for qualification; and in the
case of the Flight Unit, for acceptance by the customer. These
functional tests are repeated many times during the course of the
final ci.eckout, and the results form a baseline for later perfor-
mance comparisons. The tests are controlled by established pro-
cedures and additionally, by quality surveillance on the Proto-
Flight and Flight Unics. The functional tests will exercise all
Photoheliograph subsystems that can be operated in ground laborato-
ries,

3-17

.l’%;?
B g .



F71-02 @I Vol. III

3.5.4 Design Verification Unit

Verification of the Photoheliograph design will be performed
using the DVU fabricated to thc development release drawings.
It consists of a sciies of functional and cnvironmental tests
similar to those specified in thc LIS for qualification. In
addition, it will include two balloon flight missions for com-

plete engineering evaluation.

H m u. ~ m -\

The functional tests to be performed are those defined by the
procedures generated for the end-item a..d system *tests and, in
execution, accomplish the additional task of verifying the test
procedures. The environmental tests will be performed to the
qualification levels defined in the EIS, which are based on the
ATM specifications, and according to the preliminary procedures.

-

The two balloon missions will be conducted acccrding to an
approved flight plan., This test plan does not include in Its
scope provision of the balloon, gondola or launch facility.

LN S O

The first balloon mission will follow the completion of all
laboratory functional and environmental tests. A, with the
ground-based DVU tests, the test results and data will be analyzed
as feedback to the design. A second ballcon mission is planned

to verify design irprovements that resuit from both normal design
changes and from data obta.aed in the first balloon flight.
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3.5.5 Qualification

Qualification of the Photioheliograph design will be performed
using the Proto-rlight end-item. It consists of a series of
functional and environmental tests, as spe.ified in the EIS,
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and as defined in the approved test procedures. The functional
tests are as described in Par. 3.5.7; the environmental tests
include:

Sinusoidal vibration

Random vibration
Electromagnetic susceptibility
Electromagnetic interference
Thermal

Thermal vacuum

Specialized acoustics testing may be required on somc comnonents,
but is not planned on the complete system. All test operations

will be performed using approved procedures with quality sur-
veillance. The test results hecome the major inputs to the critical
design review,

3.5.6 Acceptance

Each of the deliverabple ernd-items, the Proto-Flight and Flight
Units, must pass a series of acceptance tests as the final steps

in the test program. These tests are specified in the EIS, and
censist of both functional and environmental tests. The functional
tests, as described in Par. 3.5.3, are intended to demonstrate
crmplete system performance. The environmental tests are similar

to those conducted during qualification, but at reduced limits;
therefore, the Proto-Flight Unit will not require ~ second, separate
series of acceptance tests. All acceptance testis are cunducted
according to the approved procedures and under quality surveillance.
The test results are used as verification that the e.d-items are
complete anu ready for shipment.
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3.6 RFLIABILITY AND QUALITY ASSURANCE PLAN

This plan defines the efforts necessary to produce the requ red
high-reliability end-items. It covers the control featurcs of
the program that arc adopted from NASA Specification NHB 5300.
Ratier chan citing every countrol feature in this specification,
this plan will summarize thcse that are required to meet the
reliability goals and quality standards. Figure 3-7 shows the
1rrogram Rcoliability and Quality Assurance elements and their use

1s contrel factors over the underlying program effort.

T L . S B . £ D ) . S R £
STAR!
SYSTEM i
DESIGN L /'S SPECS DR POR COR
4 v A 4 ‘T
DESIGN REVIEW PARTICIPATION I
DEV REL DEV REL FINAL REL
START COMPLETE COMPLETE
. COMPLL TE
$TART COMPLETE COMPLETE QUALIFICATION
PROCUREMENT PROCUREMFNT FAB TESTS
\ 4 v
PROTOTYPE
® VENDOR SURVEYS 8 SUAVEILLANCE |
® RECEiVING INSPECTION
© IN PROCESS INSPECTION © CERVIFICATION
; L @ MRB ACTIV!TY
® THD ITEM SURVEILLANCE @ CORRECTIVE ACTION
® METROLOGY
® FAILURE ANALYSIS

COMPLETE
START COMPLETE  COMFLETE  ACCEPTANCE
PROCUREMENT PROCUREMENT FABRICATION TESTS

—Y . 4

FLIGHT

Fig. 3-7 Reliability and Quality Assurance Plan
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5.6.1 Reliability Control

Reliability control is defined as that activity which provides
the program with a check and balance aimed cxclusively at achiev-
ing the maximum system reliability. This is diffcrentiated from
the reliability engineering described in Par. 3.3.5, which is one
of the design disciplines. The major influcnce reliability con-
trol exerts over the program 1is the prescace of such personnel
at all design reviews and change bhoard revicws. The specific
role that contributes directly toward systcem rcliability is that
of failure analysis and suggestions for correcctive action. As
the major watch-dog over failures, reliability control exercises
a significant role in maintaining system reliability in pursuing
corrective actions. They emphasize improvement of reliability

on the next end-item.

3.6.2 Quality Controi

Quality control is defined as that activity which provides the
program a check and balance over hardware activities. The Photo-
heliograph is defined as Category II equipment and, accordingly,
the quality control plun for this program is adopted from NASA
Specificatiorn. NHB 5300. The major elements of quality control
for this program include:

o Design review participation - insures the inspec-
tability of the parts.

° Vendor surveys - qualifies prospective vendors
for high-reliability work.

° Vendor surveillance - monitors vendor efforts
and reports significant deviations.
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Receiving inr-ection - performs incoming inspec-
tion on all purchased parts to verify compliance

with purchase specifications.

In-process inspection - performs in-process
inspections of all fabrication steps to verify

compliance with design drawings.

Certification - witnesses authentication of parts
traceability and maintains certification records.

End-Item surveillance - monitors all end-item
activities to verify compliance with integration

and test procedures.

Non-conforming Material Report - Initiates MRE
activity upon witnessing an out-of-specification

condition.

Metrology - maintains all measurement equipment
used on the program in a current, calibrated

condition.

CONFIGURATION MANAGEMENT PLAN

The magnitude of the Photoheliograph program requires that its

configuration be controlled throughout the various efforts.
configuration management plan defines the major elements of this

control function as they apply to the program. The two major

activities are:

identification. The framework of the configuration management
plan is shown in Fig. 3-8, and the major efforts are described

below,
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Fig. 3-8 Configuration Management Plan

3.7.1 Configuration Control

Throughout a complex program such as this; the state of the
engineering is constantly changing. Chaos would occur in the
fabrication, assembly, test and jianspection activities unless the
desired engineering has been identified. Therefore, a system

of change control will be used on this program, and will evolve
with the changing baselines as indicated:

° System design requirements baseline - change
control based on EIS.

° Subsystem design requirements baseline - change
control based on EIS and subsystem specifications.

® Preliminary design baseline - change control based
on development release drawings.

[ Final design baseline - change control based on
final release drawings.
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® Product baseline - CDR - Change control based on
drawing status at CDR.

° Product baseline - FACI - Change control based on
drawing status at delivery of the Flight Unit.

The Change Control Board (CCB) is an assembly of program personnel
which considers the various changes that originate with the custo-
mer or within the contractor's team. Consideration of a change
deals with any significant change in reliability; change in program
schedule or program cost; and whether it is a record change. The
CCB also determines the impact of each change and the board chair-
man processes the change according to the rules:

° Class 1 - Requires contract officer approval
- Affects the baseline, interface, form,
fit or function
- Affects program schedule or cost
° Class 2 - CCB chairman approval only

- Not a Class 1 change (e.g., record change)

Configuration control will only be applied to the Proto-Flight and
Flight Unit end-items. The DVU is an engineering model and strict
configuration accounting is not required. The Proto-Flight Unit
will be a controlled build, as an end-item; but thc level of change
control applied will be that for an engineering model, since

it is used for qualification.

3.7.2 Configuration Identification

The engineering baseline, to which all program efforts are referenced,

must be maintained in an up-to-date status. Such configuration
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identification is cstablished from the basic drawing tree, and is
updated for each cngincering change that is authorized. This
identification list is maintained by the CCB chairman, and is
authorized bv him for usc in procurement, fabrication, and inspec-
tion of hardwarc. The identification list is also uscd to identify
the "as-built'" configuration, as the inspection data arc compared
with the final 1list. This "as-built" record is the basis for

identifying the delivered end-item, and is the baseline for any
post-delivery changes.

3.8 ADMINISTRATION PLAN

The administration of the Photoheliograph program is defined in

this plan. It includes the major tasks of: (1) maintaining an

up-to-date contractual agreement between the parties; (2) main-

taining and reporting the program schedule; and (3) maintaining

and reporting the program costs. Each of these tasks is defined
by the overall Phase C§D Plan shown in Fig. 3-1 and the program

work breakdown structure (Fig. 3-2).

3.8.1 Contract Control

All aspects of the program will be covered by the baseline con-
tract agreements, which reflect the program WBS and the scheduled
milestone events. These baseline agreements will be updated by
appropriate contract changes in accordance wiili any changes in the
program requirements. Any contract changes will be incorporated
in the WBS and the program schedule.
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3.8.2 Schedule Control

One of the most critical elements of overall program control 1is

the schedule established by the contractual milcstones, as augmented
by more detailed program milestones. Thesc cstablish major check-

e

points during the program, and will be uscd as the framework for
time management. During the Photoheliograph program, a variety

of activities will be underway at any one point in time. These
activities can easily be organized into various logic paths that
converge on the milestone events. These logic sequences form the
basis for the PERT management tool that will be used to track the
progress performance and identify the problem areas that lag behind.

m——

Schedule reporting will be used throughout the program to moni:ior |
the progress toward the milestone goals. This reporting will be in
the form of PERT computer reports, critical path reports, and bar

charts. These reports will be derived from the baseline program
logic and the major milestone dates.

3.8.3 Cost Control

Comprehensive cost control is required throughout the program to
maintain a cost-effective and efficient use of money allocated to
the program. Since the WBS identifies each of the major cost ele-
ments within the program, cost control will be based on the WBS.
Furthermore, since the most expensive variable in the program is

time, an effective management tool for cost control will be obtained
by relating cost to time performance using PERT logic derived from
the WBS. Each element of the WBS will have a starting and complet-
ing milestone event, and latest allowable completion time. The

cost of performing that task will be measured with respect to the
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F original estimate as the program progresses and the time estimates &
. vary. é
By measuring cost performance as a function of milestone progress, E
} the entire program history and projections to completion can be §
established. With this knowledge, appropriatc management decisions %
ﬂ can be implemented. Also, accurate estimates of future funding §
requirements will be reported to the customer in a timely manner. %
i ;
U 3.9 SPECIAL FACILITY REQUIREMENTS §

Based upon the design concept for the Photoheliograph developed
during the study, and on the program plan for Phase C§D, facilities
requirements do not appear to present a major problem in the Photo-
heliograph Phase C&D Program. Other than standard aerospace facil-
ities which will be required, the following are worthy of note:

A large vertical vacuum chamber will be required
for testing. This chamber will include either a
heliostat or solar simulator. to be installed

so that required precision is achieved.

° High-precision optical test equipment to verify

4

subsystem optics performance and Photoheliograph
system performance.

ey

' .
. . N . > . ¥.
) s L . "

2 m e A

3 ® Class 10,000 clean rooms

o Environmental test facilities for the following tests: ¥
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° Sine and random vibration

° Thermal

° Thermal-vacuum

° Electromagnetic compatibility
° Acoustics (subsystems only)

° Spectral calibration facilities
° Special order film processing
3.10 PROGRAM MANAGEMENT

3.10.1 Program Office

The program office to be established for Phase C&D will have total
responsibility for planning, organizing, staffing, directing and
controlling of the program.

Phase C&D will be headed by a program manager who is responsible
for management of all aspects of the program. The program manager
will be assisted in various program management functions staffed
by project engineers.

Work assignments will be made by program management to the various
line organizations participating in the Phase C&D Program. The
program manager and his sta®f will then manage the performance of
these organizations in conjunction with cognizant line organization
management, to effect total Phase C§D management.

The program office will be organized into two major areas: (1) Oper-
ations; and (2) Planning and Control. These two areas will implement
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the specific plans for the major Phase C§D activities defined
previously in Pars. 3.3 through 3.8. Further discussion cf the
Operations and the Planning § Control areas of program management
follows.

3.10.2 Operations

The Operations arca of program managcment will implement the
engineering, manufacturing, and test plans. This will include
the Photoheliograph design and development, fabrication and end-
item test activities throughout Phase C§D. These functions are
further defined in the following paragraphs.

Engineering Management

The engineer.ng management function in the Operations area will
be responsibie for all engineering activities and design and de-
velopment of the Photoheliograph instrument. This will include
management of the system design, the detail design, design verifi-
cation activities utilizing the DVU, and qualification of the
Proto-Fligh%t Unit. Additionally, this area will be respronsible
for design lizison with the customer and subcontractors. Upon
completion of the desigr, this area will provide management of
sustaining engineering throughout the fabrication and test phases
of the Photcheliograph end-items.

Production Management

The production management funciion in the Operations area will be
responsible for the fabrication of the Photoheliograph DVU, Proto-
Flight and Flight Unit end-items. This area will provide iiaison
with engineering personnel during the design phases, and will pro-
vide management of sustaining production support during the system
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integration and test phases. DProduction management will also

provide subcontract liaison as rcquired.

End-Item Test Management

The cend-item test managewent function in the Operations ar<a will
be responsible for P'hotoheliograph system integration, aligrment,
calibration and testing activities. This arca wil!l perform custo-
mer liaison relating to these activities , as well os similar

liaison for subcontracts. Test management is also responsible
for test plans, specifications, and procedures.

3.10.3 Planning § Control

The Planning § Control area of program managerent will implement
the reiiability and quality assurance, configuratio. management
and administration plans. This will include program planning and
program control throughout Phase C§D. The Planning § Control
functions are further defined in tuac¢ paragraphs below.

Reliability and Quality Assurance Maragement

The reliability and quality assurance management function in ::e
Planning & Control area is planned to be resporsible for the planning
and implementation of all reliabil. cy and quality assuiance require-
ments. This area will provide customer liaison for these activities,
and will perform similar liaison on subcontracts. Reliability

and quality assurance management will be responsible for the genere-
tion and maintenance cf the customer-approved plans governing reli-
ability and quality assurance.
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Configuration Managecment

The configuration management ftunction in Planning § Control 1is
responsible for maintaining identiflication, control and
accountibility of all program documentation. This arca will als
be responsible for the configuration management plan, the Change
Authorization Board, and the proper disposition of the resultant
documentation changes. Customer and subcontract liaison on con-

figuration management will aiso te provided.

Admiristration

The admiini<.ration function in the Plianning § Control area is
responsible for the proper implementation of Phase C&D contract
requirements into the program. This includes work authorization
to the line >rganizatiors and subsequent performance monitoring.
All PERT s ' 'ule and PERT cost effert wiil be performed by this
area, to provide =ffective schedule and cost control throughout
Phase C§D. Custome. and subcontract liaison relating to the

above a-tivities will 3lso be provided.
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Section 4
PROGRAM SCHEDULE

The schedule for the program plan summarized in Scction 3, has been
developed from the logic diagrams bascd on the WBS. ‘the logic
diagrams for the entire program have been combincd into a set of
networks. Each network is characterized by a start and complete
milestone. The networks are combined into a complctc PERT opera-
tion that has been used to iterate the program schcdule and to
analyze the critical paths.

4.1 MASTER SCHEDULE AND MILESTONES

The major milestones for the Photoheliograph Phase C§D Program are
identified in Fig. 3-1. The overall time-frame, for planning pur-
poses. runs from the beginning of the second quarter of 1971 through
the end of the fourth quarter of 1974, a total of forty-five months
through Flight Unit end-item delivery. This total time-frame is
comnensurate with tha:. experienced on Skylab-A experiments. The
majcr activities planned during Phase C§D are as shown previously

in Fig. 3-1. These correlate to Level 2 of the work breakdown
structure. A brief discussion of each of these major activities
follows.

The overall system design phase for the Photoheliograph will be

acccmpliched at the outset of Pnese C§D. This phase will result
in the various system and subsystem specifications defining the

design parameters.

The detail design phase is planned to begin after approximately

*hree months and run to completion of the critical design review
milestone. This phase will result in the release of engincering
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drawings required for fabrication of the Photoheliograph. A major
milestone during the detail design phase will be the developmenc

release of the initial cngincering dravwings for use on the DVU.

The DVU phasc is planncd to run pmiallel with the detail design
phase. This phasc will conclude with the completion of system

testing of thc Phcectoheliograph DVU.

The Proto-Flight Unit phase is nomirally planned for eighteen months.
This phase will overlap the DVU phase through completion oi the DVU
balloon tests. The Proto-Flight phase will conclude upon completion
of qualitication testing, the critical design review and delivery

of the Proto-Flight Unit.

The Flight Unit ~k:<e is alsoc planned for a nominal eighteen months,
concluding at the .nd of 1974. This phase overlaps the Proto-Flight
phase by approximately three months in the long-lead procurement and
early fabrication stages. The Flight Unit phase concludes with the
completion of acceptance testing and delivery of the Flight Unit
Photoheliograph.

Reliability and quality assurance, documentation, and program
management run throughout the duration of the Photoheliograph Phase
C5D Program, concluding with the delivery of the Flight Unit
Photohelicgraph at the end of 1974.

The overall Photoheliograph Phase C§D Program, as planned, 1is
commensurate with a launch during tne second quarter 1976.
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4.2 PERT NETWORKS

The PERT networks gencratced from the logic paths were integrated
into the total program PERT operation.  The networks that make up
this total PERT arec indicated in Table 4-1. These networks combine

all Level 3 activitics in the WBS, A summary network, Fig. 4-1, has
been developed from these, which is analogous to the WBS Level 2 and

the program plan in Fig. 3-1.

Table 4-1
PHOTOHELIOGRAPH PHASE C4D PROGRAM PERT NETWORKS

PERT Subnets PERT Charts

Telescope Module
System Design (1X-XX) Instrumentation Module
Support Module
Telescope Module
Instrumentation Module

Detail Design (2X-XX)
Support Module

DVU (3X-XX) Instrumentation Module
Support Module
Telescope Module
Prototype (4X-XX) Instrumentation Module
Support Module
Telescope Module
Flight (5X-XX) Instrumentation Module
Support Module

Reliability and Quality
Assurarce, Sohcumentation and
Program Management

Reliability and Quality Assurance,
Documentation and Program Management

3Te1escope Module
(6X-XX, 7X-XX, 8X-XX) g
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3.3 SCHEDULE ANALYSIS
Analysis of the program schedule was performed by examining each
of the logic paths in each nectwork. The time estimates for each

work task and the sequence of the work were revicewed to cnsure

that the final milestone (Flight Unit cnd-item delivery) could be
met, and to ensure that each interim milestonce along the way could

be met. Logic paths that required more timc than was available
between milestones were adjusted or re-estimated to achieve an
overall program schedule. Other logic paths that started prematurely
for a given milestone were delayed in order to smooth out the man-

power loading.

The complete set of logic paths was iterated until all paths were
"positive' with respect to the major program milestones; that is,
there was contingency time to perform the activities in each path.
The am unt of contingency time in a program activity is a measure
of the probability of meeting the milestone date that completes
that activity. Our analysis of this program is summarized in

Fig. :-2, where the contingency time is shown for the three Photo-
neliograph modules for each end-item. The chart designation ''good
shape" indicates that all logic paths have 10 percent or more con-
tingency time; "critical' indicates virtually no contingency time.

The Instrumentation Moduie for the DVU has a "critical" rating,

. I3 N o,
. “'Wu?dﬁ:;mnp el

NPT TN

6

due to the time necessary to develop the universal filter. Similarly,
the Telescope Module for the DVU is marginal, due to the time necessary
to develop the image motion compensation system. These critical logic
paths are within the required overall program schedule, but develop-
ment in advance would provide a wider time margin. All other logic
vaths h. ;e healthy amounts of contingency time, as can be seen in

4-2, where the planning status of the several hundred major

~ . is shown versus weeks of contingency time. With this
5. ac of schedule analysis we can confidently predict that the

- h Phase C&D Program can be carried out as planned.
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